Analysis, using the Product Operator Formalism, of coherence evolution in the coherence evolution period (tce) of the PSYCOSY pulse sequence.
in Hertz and ̂1 z and ̂n z are product operators on spins 1 and n. The operators derived from these Hamiltonians can be applied sequentially to find the form of the magnetisation. First the coupling between spins 1 and 2: ̂1 x 2π 12̂1ẑ2z �⎯⎯⎯⎯⎯⎯⎯� c 12̂1x + 2s 12̂1ŷ2z
Here c 12 = cos(π 12 ) and s 12 = sin(π 12 ) ; this format will be used to compact all further equations. Now the coupling between spins 1 and 3 is applied to the result: The equations quickly grow more complex; however, only the terms with the product operators ̂1 x or ̂1 ŷnz will produce observable signals in the spectrum -the others are higher order quantum coherences. The final 90° pulse of the PSYCOSY converts all product operators of the form ̂1 ŷnz to −̂1 ẑny ; the magnetisation is now on spin n, not spin 1, so will precess at a different rate during t2. These will give rise to the cross-peaks.
For a five-spin system, we would simply apply the Hamiltonian for the coupling between spins 1 and 5 to the results obtained above; this process could be repeated up to an n-spin system. The dependence of the cross-peak intensity on τ is clear; a sine curve with frequency depending on the coupling constant of the two peaks which the cross-peak links, modulated by cosine curves with frequency depending on the coupling constants of every other spin in the system. modeled using the Matlab code ("combifreq.m") reproduced below. The code is supplied with the values of the coherence evolution times (tce) used and the corresponding intensities of the cross peak in question, as well as the measured values for all the J couplings in the relevant spin system.
It then generates all of the possible sum and difference frequencies that can be derived from the J couplings provided, eliminates any negative ones, and does a least squares fit of a sum of the sines of the remaining frequencies to the experimental intensities by varying the amplitudes of the individual sine curves. The code given below was used to produce Figures S11 to S13. Only the experimental data was changed.
combifreq.m Table S1 : Proton chemical shift assignments for the ring protons in both anomers of cellobiose as determined from the PSYCOSY spectrum shown in Figure S10 . The numbering system used is shown on the structure below. Figure S14: Full PSYCOSY spectrum of raffinose (a galactose-glucose-fructose trisaccharide) (600MHz, DMSO-d6). The acquisition parameters were the same as for Figure 7 .
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